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EXECUTIVE SUMMARY

There are currently two most common ramp meter operations in District 7.
1. Fixed-time operation,
2. Local mainline responsive operation.

System Wide Adaptive Ramp Metering (SWARM) is a new ramp melering system
developed by National Engineering Technology (NET). Based on the entire freeway
(or freeway network) real-time traffic conditions, SWARM system forecasts when and
where congestion will occur. It then adjusts upstream meter rates to avoid freeway
congestion.

Three SWARM modes are available in District 7:
1. SWARM I operates system wide to predict congestion,
2. SWARM 2a operates locally, based on headway,
3. SWARM 2b operates locally, based on storage.
They can be implemented individually or in combination with one another.

The selected testing site was Westbound Route 210 Freeway. from Vernon Avenue
(PM R38.87) to Lake Avenue (PM R26.14), which comprised 20 on-ramps.

The 20 ramp metering controllers, local mainline responsive and enhanced with the
new SATMS 2.3 chip, were fully compatible with SWARM system.

The study included four modes of testing: SWARM 1, SWARM 2b, SWARM 1/2b
modes, and a newly modified (MOD) TOD mode set up after the introductiongof the
SATMS 2.3 chip.

Study Conclusions:

SWARM 1/2b seemed to maximize the most mainline volume, speed, and Queue
QOverride frequency.

SWARM 1/2b was the only tested mode to generate mainline speed higher than MOD
TOD mode in congestion periods.

SWARM 1/2b seemed to reduce the most mainline occupancy, freeway delay and
travel time.

SWARM 1/2b was found to be the most restrictive in regards to on-ramp metered-
lane volumes.




s  MOD TOD was equivalent to SWARM 1 and SWARM 2b in some respects: mainline
volume, speed, occupancy, and on-ramp (including HOV by-pass lane) volumes.
However, it did not reduce travel time and on-ramp metered-lane volumes.

Recommendations:
s Good quality of field equipment and communication lines is essential.

e For SWARM to operate at a maximum capacity, additional VDS should be installed
at identified bottlenecks, off-ramps, collector distributor road on and off, and
CONMECLOFS.

o This study was focused on congestion time traffic. No study was made outside peak
hour congestion period. It is suggested that some future studies be concentrated on
off-peak hours to find the best-suited mode for non-congested traffic conditions.

o In the near future, an enhanced version of SATMS 2.3, called SATMS 3.0 chip, will be
developed by District 7 and installed at all field controllers District wide. It is
suggested that SWARM study be conducted at that time in other freeway corridors.

e Many freeways and ramps in District 7 work at full capacity. Traffic diversion to
frontage roads will help avoid back up to City streets. It is suggested that local
agencies be encouraged to implement better signal synchronization parallel to
Jreeway, rather than towards the freeway.



1. INTRODUCTION

Ramp metering is a freeway management technique. By regulating ramp access and
controlling vehicle output onto the mainline, on-ramp metering aims to eliminate, or at
least reduce operational problems resulting from freeway demand exceeding capacity, A
properly implemented system improves freeway operation while causing excessive traffic
to divert to the surface street network.

1.1 Present Ramp Metering System

There are currently two most common ramp meter operations in District 7: fixed-time
operation and local mainline responsive operation. Both operations use almost the same
ramp metering equipment: inductive detector loops on mainline, queue, demand, passage
and count loops on ramps, signal heads, meter-on signs, and controllers.

Fixed-Time Operation

Used on limited basis when mainline loops fail or during construction projects, fixed-
time ramp metering is the simplest form of metering which breaks up platoons of
entering vehicles onto the freeway. Although detectors are installed on the ramp to
activate and terminate the metering cycle, the metering rate is fixed, based on
historically averaged traffic conditions. A time of day (TOD) table in the controller
sets the metering schedule and rates. Fixed-time metering reduces accidents due to
merging conflicts and reduces congestion and delay on the freeway compared to no
control, The primary criticism of fixed-time operation is that it is non-responsive to
actual conditions, including non-recurring congestion.

Local Mainline Respensive Operation

Widely used in District 7, local mainline responsive ramp metering is based on traffic
conditions just upstream of the on-ramp. Mainline traffic detectors are usually
located adjacent to the on-ramp meter head. As in fixed-time operation, a TOD table
controls the metering operation most of the time. However, if the controller detects
that mainline freeway volumes have dropped below the set critical volume and
critical occupancy, the controller can override the TOD tables and allow more cars on
the freeway up to the point of turning the meter to rest in green. The actual numbers
would be calculated by the controller and would be dependent on how far the freeway
volumes are below the set critical volume. The controller can never allow fewer
vehicles on the freeway than the rate set in the TOD table. Queue detectors are
placed at the entrance of the ramp near city streets. If the queue detectors are
activated, the controller will allow more vehicles onto the freeway when ramp storage
approaches capacity in order to prevent back up onto city streets. The primary
criticism of local mainline responsive operation is that it reacts only to traffic adjacent
to the ramp and does not consider what is happening on the rest of the freeway
system,




1.2 Purpose of SWARM Testing

System Wide Adaptive Ramp Metering (SWARM) is a new ramp metering tool
developed by National Engineering Technology (NET). SWARM system looks at the
entire freeway system and predicts when and where congestion will occur. It then adjusts
upstream meter rates to avoid freeway congestion. SWARM was previously tested by
District 12 (Orange County). However, the current SWARM tested by District 7 is a
modified version of the one tested in District 12.

SWARM needs to be tested to confirm that it works, If it does work, SWARM might
represent a good alternative to the existing ramp metetr operations.

1.3 Test Location

The selected site for the Final SWARM Study was the same as in the previous test:
westbound Route 210 Freeway, from Vernon Avenue (PM R38.87) to Lake Avenue (PM
R26.14), which comprised 20 on-ramps. See Fig. 1.1 (Test Location), Fig. 1.2 (Testing
Corridor), and Fig. 1.3 (Testing Corridor Geometrics).

The study covered the AM peak period from 5:30 AM to 10:00 AM. It started on
Tuesday, September 25, 2001, and ended on Wednesday January 16, 2002. However, the
study used only traffic data comprised between 6:00 AM and 9:00 AM.

All 20 ramp controllers on Freeway testing corridor were local mainline responsive.

1.4 Enhancement of the Metering Controllers

As indicated in the Preliminary SWARM Study Report, the original ramp metering
system and SWARM were not fully compatible. Therefore, the need for enhancements to
both systems was evident following the previous study. In April 2001, the Office of TMC
Support developed a new chip, SATMS 2.3. In July and August 2001, SATMS 2.3 was
installed in the 20 controllers of the SWARM testing corridor. Enhanced with a new chip,
the ramp meter controllers on the testing corridor were made fully compatible with
SWARM system. They would help explore few SWARM features that the previous 2
chips SATMS 1.0 and SATMS C could not.

Before testing SWARM, the Time of Day (TOD) tables at the 20 on-ramps were revised
based on the enhancements of the new SATMS 2.3 chip. The revised or modified (MOD)

TOD tables were implemented in September 2001 in order to improve mainline traffic.




2. SWARM BACKGROUND

There are various types of ramp metering methodologies being used to control on-ramp
vehicle output onto the mainline. SWARM testing in District 7 is intended to explore an
alternative upgrade to the existing system.

2.1 SWARM -- System Wide Adaptive Ramp Metering

SWARM is a new ramp metering operational system that develops metering rates based
on real time traffic conditions. It looks at the complete freeway system and forecasts
traffic conditions at bottlenecks » minutes into the future. SWARM will change metering
rates upstream of bottlenecks to avoid predicted future traffic congestion.

In order for SWARM to work properly, most or preferably all ramp control and traffic
surveillance devices must be operational and connected to a central computer. In District
7, the Advanced Transportation Management System (ATMS) is connected to field
controllers at most freeway on-ramps. Data from the mainline and on/off ramps is fed
into the central computer.

SWARM secks to optimize traffic flow on the mainline and is responsive to actual
conditions throughout the system and to non-recurring congestion.

2.2 SWARM Modes

There are three SWARM modes: SWARM 1 operates system wide to predict congestion,
SWARM 2a and SWARM 2b operate locally and are based on headway and storage
respectively.

e SWARM 1

SWARM 1 is system wide adaptive based on a freeway network divided into
SWARM sections. Each section begins and ends at a mainline vehicle detection
station (VDS) identified as a bottleneck. The SWARM 1 algorithm operates at
bottleneck locations and controls the flow of all upstream locations in the section.

Since density is directly related to congestion, it is monitored at each bottleneck
location. The algorithm requires a nominal saturation density threshold value for
each mainline VDS in the network.

The algorithm attempts to estimate the density n minutes in the future. If the
estimated density exceeds the bottleneck saturation density then ramp meter rates will
be computed in an attempt to head off the predicted onset of congestion.

Starting at the bottleneck and working upstream, the computer calculates new
metering rates based on current ramp volumes and the required volume reductions.




Actual metering rates are subject to maximum and minimum rates. Since reductions
may be positive or negative, excess or surplus values are propagated upstream.

¢ SWARM 2a
SWARM 2a is local responsive based on headway (time between consecutive

vehicles). It uses density function to compute local metering rates and attempts to
maintain headway such that maximum flow can be obtained.

e SWARM2b
SWARM 2b is local responsive based on storage. It computes the number of vehicles

stored between two VDS stations and compares it to a maximum storage value.
Metering rates are computed to maintain level of service (1.OS) D as long as possible.

This SWARM study will cover SWARM 1, SWARM 2b and combination of SWARM 1
and SWARM 2b, called SWARM 1/2b. '

2.3 Advantages of SWARM:

e Itis aimed towards maximizing traffic flow on the mainline.
e It is responsive to actual traffic conditions throughout the system.
¢ [t is responsive to non-recurring congestion.

2.4 Disadvantages of SWARM:

s Ramp control and traffic surveillance devices must be connected to a computerized
commumications center.

¢ Communication lines must be maintained at all times to ensure data exchange
between TMC and field controliers.

e It requires accurate data from mainline and on- and off-ramp detectors in order to
work effectively.

¢ It is more complicated than local mainline responsive and fixed-time metering.




3. SATMS 2.3 ENHANCEMENTS

The new SATMS 2.3 chip provides the following SWARM related enhancements:

I.

Queue Override mode created to speed up the metering rate when vehicle's back up
reaches the entrance of the on-ramp can be used with SWARM mode. If activated, in
case of a ramp back up, the Queue Override mode will gradually increase the
metering rate dictated by SWARM up to a maximum rate of 15 vehicles/minute/lane
(vpmpl). Therefore, Queue Override mode will reduce the overflow of vehicles onto
city streets.

The loss of communication cycle time is increased from one cycle (approximately 30
seconds) to ten cycles or around 5 minutes in order to minimize frequent changes
between SWARM and local TOD mode. Thus, communication losses lasting no more
than ten cycles would not affect the implementation of SWARM rate in the field: the
controller would meter, for up to 5 minutes, according to the last SWARM rate before
communication failure occurred.

Whenever metering is initiated or terminated by SWARM or loss of communication
cycle time exceeds 10 cycles, the controller will apply one minute Green Ball at the
beginning and end of each metering phase.

Speed up the controller 170 initiation reset time after a power failure, which reduces
the watchdog black out problem. Therefore, variation or brief interruption in power
voltage level will have less effect on the operation of the ramp meter.

The above listed enhancements are viewed as major improvements in order to address the
adverse effect to SWARM implementation, due to multiple issues which were
experienced during the Preliminary SWARM testing: mainly frequent and brief iosses of
communication and on-ramp back up onto city streets.
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4. TESTING MODES AND PROGRESSION

The SWARM study included four modes of testing: MOD TOD, SWARM 1, SWARM
2b, and SWARM 1/2b (See Table 4.1, SWARM Test Schedule). These four separate
modes were compared against the Pre-study or original (OR) TOD mode of the
Preliminary SWARM testing in order to capture the effect of the changes brought about
by the installation of the new SATMS 2.3 chip. As set in the Preliminary phase of
SWARM testing, ramp meter rate is supposed to increase or decrease smoothly by
limited increments according to Table 4.2, Rate and Cycle Length Variations.

4.1 MOD TOD (09/25/01 to 10/04/01 and 01/16/02)

This phase consists of a revised or modified TOD implemented at all 20 on-ramps
throughout the testing corridor. This MOD TOD took effect after the installation of the
new SATMS 2.3 chip. It is aimed to improve mainline flow by applying more restrictive
metering rates. It also accommodates a gradual decrease in metering cycle, from
programmed TOD to a minimum of four-second cycle, when Queue Override mode is
activated. Please note that OR TOD mode accommodated a one step decrease in cycle
length from programmed TOD to the minimum four-second cycle.

The metering period assigned to the MOD TOD is 4.5 hours long, from 5:30 AM to
10:00 AM. This MOD TOD is a replacement to the old OR TOD and it took effect on the
testing corridor immediately after the installation of the new SATMS 2.3 chip, in mid-
August 2001. Manual Queue counts were performed on 01/16/02 on on-ramps
experiencing the most traffic back up onto city streets. These counts are intended to help
evaluate the effect of the Queue Override mode on city streets and mainline.

4.2 SWARM 1 (10/16/01 and 10/23/01)

SWARM 1 mode was tested for 2 days 10/16/01 and 10/23/01. The testing was
performed both days with Queue Override mode activated. Traffic data and reports were
collected for both days. However, based on field observation and on-ramp mode of
operation reports, which were generated on the first day of testing, a list of on-ramps
experiencing traffic back up onto city streets was established. Based on the list, manual
Queue counts were performed at most affected locations on the 2™ day of testing.

4.3 SWARM 2b (10/17/01 and 10/24/01)

SWARM 2b mode was tested for 2 days 10/17/01 and 10/24/01. Similarly to SWARM 1,
the 2™ day of testing was characterized by the addition of the manual Queue counts at on-
ramps with most traffic back up onto city streets.



4.4 SWARM 1/2b (10/18/01 and 11/07/01)

SWARM 1/2b mode was tested for 2 days 10/18/01 and 11/07/01. Manual Queue counts
were also performed on the 2 day of testing at on-ramps locations affected most by
traffic back up onto city streets.



5. DATA ANALYSIS

The collected data comprise those generated by:

MOD TOD mode, during 6 days: 09/25/01, 09/26/01, 09/27/01, 10/02/01, 10/03/01,
and 10/04/01,

Three SWARM modes: SWARM 1 during 2 days: 10/16/01 and 10/23/01, SWARM
2b during 2 days 10/17/01 and 10/24/01, and SWARM 1/2b during 2 days 10/18/01
and 11/07/01.

These data are studied and compared with those generated by OR TOD mode during 9
days: 10/24/00, 10/25/00, 10/31/00, 11/01/00, 11/07/00, 11/14/00, 12/05/60, 12/07/00,
and 12/12/00. See Tables AS5.1.1a to A5.1.20d in Appendixes.

Different aspects of traffic congestion are studied on mainline and on-ramps as well.

5.1 Mainline Volume

The mainline volumes generated by the four new modes: MOD TOD, SWARM 1,
SWARM 2b and SWARM 1/2b, were roughly close to the volumes generated by OR
TOD mode (see Tables 5.1al and 5.1a2, Mainline Volumes from 6:00 AM to 9:00 AM).

Fig 5.1 and Table 5.1b, Average Mainline Volumes from 6:00 AM to 9:00 AM, show
that:

OR TOD mode average volumes varied from a minimum of 14,723 at Mount Olive to
a maximum of 29,799 at Lake.

MOD TOD mode average volumes were also at minimum at Mount Olive and at
maximum at Lake. It was noted that the average volumes at 15 stations were lower by
2% to 8% when compared with the OR TOD average volumes. The average volumes
were only higher at 2 stations: by 4% at Hill, and 12% at Michillinda.

SWARM 1 mode average volumes had also a minimum value at Mount Olive and a
maximum value at Lake. Out of 20 stations, 12 had average volumes lower than their
respective OR TOD mode values from 1% to 15%, 6 stations had their average
volumes higher than their OR TOD mode values from 1% to 11%.

SWARM 2b mode average volumes had a variation pattern similar to that of MOD
TOD mode and SWARM 1 mode. Only 3 stations showed an average volume larger
than those in OR TOD mode: Santa Anita 1, Michillinda, and Hill (from 1% to 10%).
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¢ SWARM 1/2b mode experienced a general improvement in average volume
compared with OR TOD mode: 12 out of 20 stations bad their average volumes
increased from 1% to 14%.

5.2 Mainline Speed

Mainline speeds recorded between 6:00 AM and 9:00 AM for MOD TOD and 3
SWARM modes were generally higher than the speeds recorded for OR TOD mode. (See
Tables 5.2al and 5.2a2, Mainline Speed from 6:00 AM to 9:00 AM).

Fig.5.2a and Table 5.2b, Average Mainline Speed from 6:00 AM to 9:00 AM, show an
improvement of mainline speed in all 4 new modes.

¢ MOD TOD mode had 13 stations where mainline speeds increased from 2% to 42%
compared with OR TOD mode speed.

e SWARM 1 mode found that 14 out of 20 stations had their average speed higher than
their OR TOD mode counterparts from 1% to 45%.

¢ SWARM 2b mode had also 12 stations with higher average speed compared to OR
TOD mode respective values. The increase varied from 4% to 44%.

¢ SWARM 1/2b mode experienced 14 stations with average speed higher than the
average of OR TOD mode. The increase varied from 1% to 45%.

Analyzing mainline speed for a 15 minute interval during morning congestion period,
from 7:30 AM to 7:45 AM (Table 5.2.cl and 5.2.c2, Mainline Speed from 7:30 AM to
7:45 AM, and Fig. 5.2b and Table 5.2d, Average Mainline Speed from 7:30 AM to 7:45
AM) showed that all 4 tested modes had 11 to 15 stations out of 20 with higher average
speed when compared to OR TOD mode values:

* MOD TOD mode had 12 stations of higher average speed, the maximum increase was
43% at Hiil.

e SWARM 1 mode showed 14 stations with higher average speed, the increase was at
maximum at Hill (52%).

e SWARM 2b mode had only 11 stations with higher average speed, the largest
increase was only 29% at Hill.

e SWARM 1/2b mode had 15 stations with increased average speed, the highest
increase was at Vernon (60%) and Hill (52%).
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5.3 Mainline Occupancy

Tables 5.3a1 and 5.3a2, Mainline Occupancy from 6:00 AM to 9:00 AM, present a
consistent variation of occupancy at each station, with one exception of an isolated low
value at Rosemead 2 of 12/12/00 (4.5%). This exception might be related to the fact that
only 2 out of 4 mainline loops are operating at this location.

Fig. 5.3 and Table 5.3b, Average Mainline Occupancy from 6:00 AM to 9:00 AM, show
a reduction in mainline occupancy in all four tested modes over OR TOD mode.
However, 5 to 7 stations showed a slight increase in average occupancy (from 2% to
19%).

5.4 Freeway Delay

ATMS data during the testing period were not always available for all 20 stations. Due to
occasional communication failure to/from TMC or hard failed loop sensors at one or
more stations, freeway delay data were missing for one or more stations of the testing
corridor.

During the testing period, 7 stations were found with incomplete freeway delay data for
one or more SWARM modes and for MOD TOD mode. They were: Sierra Madre Villa,
Rosemead 2, Michillinda, Baldwinl, Baldwin 2, Mountain, and Buena Vista. The data
related to these stations was discarded from the total freeway delay for each testing day
and each mode.

Comparing the freeway delay average values of the 4 tested modes with the average
values of OR TOD mode, it was found that SWARM 1/2b mode had the smallest value:
83% of OR TOD mode value, next was SWARM 1 mode (85%). While MOD TOD
mode yielded a 96% of OR TOD mode value, SWARM 2b had a freeway delay
equivalent to OR TOD mode value. See Table 5.4, Freeway Delay from Vernon to Lake
from 6:00 AM to 9:00 AM.

5.5 Mode of Operation

Tables 5.5al and 5.5a2, Mode of Operation (%) from 6:00AM to 9:00 AM, show that
only some controllers worked full time (100%) under OR TOD mode. However, these
Tables show that no controller could stay more than 99.7% of the time under other
assigned modes.

In case of communication failure, ramp controllers under SWARM mode are
programmed to switch back to the existing MOD TOD mode if the failure last for more
than 10 cycles or approximately 5 minutes. If the communication loss is less than 10
cycles, field controllers continue to meter according to the SWARM rate immediately
before the communication failure.
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If a ramp controller operating on MOD TOD mode experiences a loss of communication,
the controller will stay the same way of operation as before the failure. However, the
Mode of Operation Report will show a time percentage less than 100%, while a certain
percentage will be attributed to an unknown mode.

As stated before in this Report, the installation of the new SATMS 2.3 chip will enable
Queue loop to activate Override mode when the ramp queue backs up onto city streets.
QO percentage is a direct indicator of how often the ramp is jammed during the metering
period. A ramp will have a larger QO value when a more restrictive mode is assigned.

Tables 5.5b1 and 5.5b2, Queue Override (QO) from 6:00 AM to 9:00 AM, show that QO
percentage was highest at SWARM 1/2b mode (45% at Hill on 11/07/01, 41.4% at Lake
on 10/18/01). SWARM 2b mode had a QO of 32.5% at Myrtle on 10/24/01 and 29.7% at
Huntington on 10/17/01. SWARM 1 mode had a few QO values of 20% to 29%, while
MOD TOD mode had QO values lower than 25%.

The extent of QO mode is more pronounced by Fig. 5.5 and Table 5.5¢, Average QO
from 6:00 AM to 9:00 AM. MOD TOD mode had 3 ramp controliers with an average QO
from 12 to 23 times the average of the OR TOD values. The three SWARM modes
experienced an average QO values more than 100 times higher than their respective OR
TOD values, especially SWARM 1/2b, where the average QO value at Irwindale 1 was
304 times larger than OR TOD mode value.

5.6 Travel Time

The reconstituted travel time was calculated in Tables A5.6.1 to A5.6.21, Travel Time, in
Appendixes, for every testing day with the vehicle starting at Vernon at 7:30 AM.

The method of travel time calculation is the same as in the Preliminary Study: the
distance between 2 consecutive stations is the difference of their Post Miles, the speed
used for travel time between 2 consecutive stations is the average of the speeds at these
stations. In case of unavailable speed data at one station, the missing speed will be
replaced with the average of the speeds at its 2 closest stations.

The reconstituted travel times for all modes are shown in Table 5.6, Travel Time from
Vernon to Lake.

o OR TOD travel time varies largely from 28.65 minutes to 41.10 minutes, with an
average of 36.41 minutes.

e MOD TOD travel time is in the same order as that of OR TOD mode. The average
value is 37.17 minutes, 2% higher than the average in OR TOD mode.

o SWARM 1 mode experienced an average travel time of 34.97 minutes, 4% lower
than the average in OR TOD mode.

13




¢ SWARM 2b mode had an average travel time of 34.89 minutes, slightly smalier than
the average in the SWARM 1 mode.

o SWARM 1/2b mode had the smaliest average travel time, 31.48 minutes, 14 % lower
than OR TOD mode value.

5.7 On-Ramp Volumes

Except for Sierra Madre Villa as a two-to-one lane metered on-ramp, 19 other ramps
have 2 lanes: 6 ramps with both lanes metered, and 13 ramps with one metered lane and
one HOV by-pass lane.

Table 5.7al and 5.7a2, On-Ramp Volumes from 6:00 AM to 9:00 AM, show that the on-
ramp volumes varied largely from one ramp to another, not only because of the number
of lanes, but also because of their respective Jocations.

Fig. 5.7a and Table 5.7b, Average On-Ramp Volumes from 6:00 AM to 9:00 AM, show
that:

o Average volumes at each on-ramp varied consistently enough throughout the 4
studied modes. At Lake, San Gabriel, Michillinda, Huntington, and Mountain, the
average on-ramp volumes in all 3 SWARM modes and MOD TOD mode were lower
than the average volumes in OR TOD mode. At Rosemead 1, Santa Anita 2, Buena
Vista, Mount Olive, and Vernon, these averages were higher than their respective
values in OR TOD mode.

e 7 to 9 or-ramps had their average volumes higher than OR TOD mode values.
e 5 to 7 ramps had their average volumes lower than OR TOD mode values.

e At Santa Anita 2, the average volumes in 4 studied modes were 11% to 12% higher
than OR TOD mode values.

¢ At Rosemead 1, MOD TOD mode experienced an increase of 29% when compared to
OR TOD mode, SWARM 1 generated an increase of 31%, SWARM 2b, 50%, and
SWARM 1/2b, 55%.

As already stated in the Preliminary Report, large variations of on-ramp volumes cannot
be solely attributed to implemented MOD TOD or SWARM modes. Of the 20 on-ramps
on the study corridor, 13 included an HOV by-pass lane, where freeway access is not
restricted by any metering mode.

Analyzing on-ramp volumes on metered lanes only (Tables 5.7¢1 and 5.7¢2, On-Ramp
Metered Lane Volumes from 6:00 AM to 9:00 AM, and Fig. 5.7b and Table 5.7d, On-

14




Ramp Metered Lane Average Volumes from 6:00 AM to 9:00 AM) showed that MOD
TOD mode and all 3 SWARM modes generally allowed fewer vehicles to enter the
mainline than OR TOD mode:

s  MOD TOD mode reduced the metered Jane volumes at 12 out of 17 ramps by 1% to
46% when compared to OR TOD mode. 5 ramps had their metered lane inputs
increased by 1% to 62%.

e SWARM 1 mode reduced metered lane inputs by 2% to 50% at 13 out of 18 ramps. 5
ramps saw their values increased by 5 % to 58%.

¢ SWARM 2b mode lessened the volumes by 2% to 48% at 14 out of 18 ramps. Only 4
ramps had higher values than OR TOD mode by 1% to 62%.

¢ SWARM 1/2b mode saw 12 out of 17 ramps with metered lane inputs diminished by

1% to 46%. 4 ramps had their volumes increased by 7% to 59%. Only one ramp
(Baldwin 2) allowed the same metered lane volume as in OR TOD mode.

5.8 On-Ramp Queue Lengths

Manual Queue counts were performed at 9 ramps considered as the busiest out of the 20,
based on the Mode of Operation Report. Table 5.8, On-Ramp Queue Counts shows that:

¢ In MOD TOD mode, 7 out of 9 ramps had longer queues than in OR TOD mode.
e In SWARM 1 mode, only 4 ramps had longer queues than in OR TOD mode.
¢ In SWARM 2b mode, 5 out of 9 ramps had longer queues than in OR TOD mode.

¢ In SWARM 1/2b mode, 8 out of 9 ramps had longer queues than in OR TOD mode.
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6. EVALUATION

In the previous section, MOD TOD and three SWARM modes were analyzed based on
OR TOD in effect before the introduction of SATMS 2.3. MOD TOD and the three
SWARM modes can be evaluated separately in comparison with OR TOD.

6.1 MOD TOD

The new SATMS 2.3 chip brought up changes in MOD TOD mode. Comparing the
performance of TOD modes using SATMS 1.0 or SATMS C in the Preliminary testing
phase and SATMS 2.3 in the final testing phase, in terms of traffic elements:

L]

Mainline Volume: MOD TOD decreased OR TOD volume by 3%.

Mainline Speed from 6:00 AM to 9:00 AM: MOD TOD increased the OR TOD
mainline average speed by 8%.

Mainfine Speed from 7:30 AM to 7:45 AM: MOD TOD also increased the OR TOD
mainline speed by 8%.

Mainline Occupancy: MOD TOD decreased the OR TOD occupancy by 9%.
Freeway Delay: MOD TOD decreased the OR TOD freeway delay by 4%.

Queue Override: MOD TOD experienced almost 5 times {497%) more Queue
Override than OR TOD.

Travel Time: MOD TOD increased the OR TOD travel time by 2%.

On-Ramp Volumes, including HOV by-pass lane: MOD TOD increased the OR TOD
average values by 2%.

On-Ramp Volumes, metered lane only: MOD TOD decreased the OR TOD metered
lane average volumes by 2%.

On-Ramp Queue Lengths: MOD TOD increased OR TOD values by 20%.

6.2 SWARM Modes

SWARM modes performance can be evaluated by comparing them to OR TOD and
MOD TOD modes.

16




6.2.1 Comparison te OR TOD
Mainline Volume

e SWARM 1 slightly decreased the mainline volume by 1%,
e SWARM 2b decreased it by 3%,
¢ SWARM 1/2b gave a small increase of 1%.

Mainline Speed

All three SWARM modes generated a net improvement to mainline speed during the
morning period from 6:00 AM to 9:00 AM.

e SWARM 1 increased the mainline speed by 9%,
s SWARM 2b showed an improvement of 7%,
e SWARM 1/2b increased the mainline speed by 11%.

The speed improvement was more accentuated during the morning congestion time (7:30
AM to 7:45 AM) over the OR TOD:

o SWARM 1 showed an improvement of 7%,
e SWARM 2b increased the mainline speed by 4%,
*  SWARM 1/2b excelled with an increase of 23% to the mainline speed.

Mainline Occupancy

Mainline occupancy was reduced in all three SWARM modes:
o SWARM 1 reduced it by 10%,

o SWARM 2b reduced by 9%,

» SWARM 1/2b reduced it the most, by 13%.

Freeway Delay

The freeway delay was also reduced in ail three SWARM modes:

e SWARM 1! mode reduced it by 15%,
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¢ SWARM 2b reduced it by 1%,
o SWARM 1/2b reduced it by 17%.

Queue Override

This feature was not studied in the Preliminary testing phase.

¢ SWARM 1 had a QO frequency of approximately 33 times the OR TOD mode QO
frequency,

¢ SWARM 2b had more thaa 28 times QO frequency,

e SWARM 1/2b experienced the highest QO frequency: more than 68 times, or more
than the QO of 2 other SWARM modes put together.

It is noted that the latter mode is the combination of the two other SWARM modes.

Travel Time

As expected, the travel time was reduced by SWARM modes:
o SWARM 1 reduced the travel time by 4%,

o SWARM 2b also reduced it by 4%,

e SWARM 1/2b had the largest reduction: 14%.

On-Ramp Volumes

With HOV by-pass lane volumes taken into account:

¢  SWARM 1 reduced on-ramp volume by 4%,

o SWARM 2b reduced on-ramp volume by 3%,

e SWARM 1/2b generated a reduction of 5%.

In regards to on-ramp metered lane volumes only, the three SWARM modes became
more restrictive:

e SWARM I reduced the volume by 8%,

* SWARM 2b decreased it by 7%,
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e SWARM 1/2b reduced it by 9%.

On-Ramp Queue Lengths

Since the counts were performed at 9 out of 20 on-ramps, it was hard to generalize the
results to all the ramps. However, the 9 selected ramps were considered as the busiest
ones.

e SWARM 1 generated queues 10% longer than those observed in OR TOD mode,

e SWARM 2b experienced queues 48 % longer,

» SWARM 1/2b originated queues 41% longer.

The results are summarized in Table 6.1, Comparison of SWARM Modes to Original
TOD Mode (%).

6.2.2 Comparison to MOD TOD

Performance of SWARM modes can also be evaluated based on MOD TOD mode.

Mainline Volume

* SWARM I increased the MOD TOD mode mainline volume by 2%,
e SWARM 2b maintained the same volume as MOD TOD mode,

¢ SWARM 1/2b gave a highest increase (4%).

Mainline Speed

During the morning period from 6:00 AM to 9:00 AM, when compared to MOD TOD
mainline speed:

o SWARM | did not improve the mainline speed.
o SWARM 2b decreased it by 1%,
e SWARM 1/2b increased it by 3%.

SWARM impact was more pronounced during the morning high congestion time (7:30
AM to 7:45 AM):

e SWARM | showed a decrease of mainline speed by 1%,
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¢ SWARM 2b decreased it by 4%,

e SWARM 1/2b excelled with an increase of 14% of the mainline speed.

Mainline Occupancy

Mainline occupancy was not increased in all three SWARM modes:
o SWARM 1 decreased it by 2%,

s SWARM 2b gave the same occupancy,

o SWARM 1/2breduced it the most, by 5%.

Freeway Delay

Freeway delay was not always reduced in SWARM modes:
o SWARM 1 reduced it by 14%,

e SWARM 2b increased it slightly (by 3%),

o SWARM 1/2b excelled with a reduction of 16% of MOD TOD mode freeway delay.

Queue Override

e SWARM 1 had a QO frequency of approximately 5.5 times MOD TOD mode

frequency,

¢ SWARM 2b had 4.8 times,

* SWARM 1/2b experienced the highest QO frequency: more than 11 times.

Travel Time

As expected, the travel time was reduced by SWARM modes:
e SWARM 1 reduced the MOD TOD mode travel time by 6%,
s SWARM 2b also reduced it by 6%,

¢ SWARM 1/2b had the largest reduction: 16%.
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On-Ramp Volumes

The three studied modes decreased slightly on-ramp volumes (including HOV by-pass
lane volumes):

e SWARM 1 reduced them by 1%,
¢ SWARM 2b maintained ramp volumes in the same order as MOD TOD mode,

¢ SWARM 1/2b was the most restrictive when it came to freeway access: volumes
were reduced by 2%.

In regards to on-ramp metered lane volumes only:
¢ SWARM 1 reduced the volumes by 5%,

* SWARM 2b also decreased them by 5%,

s SWARM 1/2b reduced them by 6%.

On-Ramp Queue Lengths

Based on the 9 selected ramps considered as the busiest ones:

s SWARM 1 generated queues 9% shorter than those of MOD TOD mode,
o SWARM 2b registered queues 23 % longer,

* SWARM 1/2b experienced queues 18% longer.

The results are summarized in Table 6.2, Comparison of SWARM Modes to Modified
TOD Mode (%).
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7. CONCLUSIONS

The SWARM Study examined not only the three SWARM modes, but also the Modified
TOD mode, in effect after SATMS 2.3 was installed at 20 ramps controllers. Through 6
days of MOD TOD testing and 6 days of SWARM testing under actual field conditions,
the following conclusions were drawn:

1.

When using the SATMS 2.3 chip, among the three tested SWARM modes, SWARM
1/2b seemed to maximize the most mainline volume, speed, and Queue Override
frequency.

SWARM 1/2b was the only tested mode to generate mainline speed higher than
Moedified TOD mode in congestion period.

SWARM 1/2b seemed to reduce the most mainline occupancy, freeway delay and
travel time.

SWARM 1/2b was found to be the most restrictive in regards to on-ramp metered-
lane volumes.

MOD TOD was equivalent to SWARM 1 and SWARM 2b in some respects:

mainline volume, speed, occupancy, and on-ramp (with HOV by-pass lane) volumes.
However, it did pot reduce travel time and on-ramp metered lane volumes.
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8. REMAINING SWARM ISSUES

Installation of the new SATMS 2.3 chip has enhanced few SWARM features. Following
are observations regarding these features:

8.1 SWARM 1/2b Case

When SWARM 1/2b was implemented, in most cases, it generated the most restrictive
rate in comparison to SWARM | and SWARM 2b. This was the case at 6:57:30 AM on
10/18/01 at Vernon on-ramp, where SWARM 1 generated a minimum rate of 5 vpm, and
SWARM 2b generated a Green Bail. See Table 8.1a, Metering Rate Statistics at Vernon.

However, it was not always the case.

At Altadena, the metering rate was the maximum between those generated by SWARM 1
and SWARM 2b. See Table 8.1b, Metering Rate Statistics at Altadena.

It happened also that SWARM 1/2b engendered a rate higher than those generated by
SWARM 1 and SWARM 2b individually. See Table 8.1c, Metering Rate Statistics at
Irwindale NB.

The above showed that SWARM 1/2b did not always generate the most restrictive rates
as it was supposed to.

8.2 Smeothing Trend Inconsistency

Alike SWARM 1 in the Preliminary Study, the rate variation was noted to be out of range
from Table 4.2, Rate and Cycle Length Variations.

e On 10/16/01, at 7:21:30 AM, at San Gabriel on-ramp, the rate decreased suddenly
from 15 vpm to 8 vpm. See Table 8.2a, Ramp Metering Report.

e At 7:00:30 AM on 10/17/01, at San Gabriel on-ramp, SWARM 2b rate jumped from

9 vpm to 15 vpm, which is more than the increase limit (12 vpm). See Table 8.2b,
Ramp Metering Report.

e A similar sudden rate change was also observed at San Gabriel with SWARM 1/2b
on 11/07/01 at 8:02:30AM (from 15 to 8). See Table 8.2c, Ramp Metering Report.

8.3 Metering Rate Inconsistency

At times, SWARM operated the system in an inconsistent manner as how the ramp meter
system should have been operating.
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s At 8:29:30 AM on 10/16/01, while Mount Olive and Buena Vista experienced a
congestion (mainline speeds were 6.3 mph and 8.2 mph respectively), SWARM 1
generated a rate of 6 vpmpl at Mount Olive on-ramp, and a maximum rate (15 vpmpl)
at Buena Vista on-ramp. See Tables 8.3al and 8.3a2.

¢ The same inconsistency was repeated at 9:14:30 AM on 10/23/01 at the same
locations with SWARM 1. See Table 8.3bl and 8.3b2.

o At 7:45 AM on 10/16/01, when the freeway section from Mountain to Santa Anita SB
was congested (mainline speeds recorded at 5 VDS were under 30 mph), SWARM 1
assigned a maximum rate (15 vpmpl) to Santa Anita NB and Huntington on-ramps.
See Tables 8.3.cl and 8.3.c2.

e At 6:14:30 AM on 11/07/01, while the mainline from San Gabriel to Lake was free
flow (speed above 55 mph), and San Gabriel on-ramp recorded a maximum rate of 15
vpmpl, SWARM 1/2b assigned a minimum rate of 5 vpmpl to Altadena, Hill and
Lake on-ramps. See Tables 8.3.d1 and 8.3.d2.

8.4 Changing to/from SWARM Modes

Changing from one mode to another (from TOD mode to SWARM modes, from a
SWARM mode to another, or from a SWARM mode to TOD mode) was done manually
for each on-ramp during the test duration. The manual change in the TMC is not only
time-consuming (an on-ramp needs about 2 minutes to change from one mode to
another), but also subject to errors (an on-ramp can be skipped mistakenly and remains in
an undesirable mode during the test). The mode change should be done systematically
and simultaneously for a freeway or a system of freeways.

8.5 Data Availability

Throughout the study, many traffic elements could not be assessed with complete data for
all 20 ramps and for the whole testing duration. This was due not only to occasional
commugication failure to/from TMC, but mainly to loop sensor hard failure at one or
more stations. The problem is critical with SWARM because the system relies on real-
time field data.

8.6 SWARM in Light Traffic Areas

Both the Preliminary and the Final SWARM studies were conducted in W/B Freeway
210 corridor from 6:00 AM to 9:00 AM, during congestion periods. No study was made
in a non-congestion time. Also, it is unknown what impact SWARM can have on the
freeway traffic if it is assigned for a whole day or longer.
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9. RECOMMENDATIONS

The study was conducted in a specific freeway corridor: W/B LA-210 Freeway from
Vernon Avenue to Lake Avenue, with the newly installed SATMS 2.3 chip. The test was
performed in an idealized location where SWARM was expected to work well. It worked
well because:
o the freeway system is relatively new and most of the hardware is in fairly
good working condition.
e most of the on-ramps have the capacity for additional storage of vehicles,
thus permitting the controllers to tighten down on existing metering rates,
e most of the on-ramps are not currently metered at the slowest rate, thus
allowing the controllers the ability to tighten down on existing metering rates.

The use of SWARM at other freeway locations may not work as well. How well it will
work will depend entirely upon storage available for vehicles and on the existing
metering rates. If the existing queues at the on-ramps are already backed up to the city
streets, SWARM will only make the back up worse and begin to affect the city street
intersections. If the existing metering rates are at the slowest rate or close to it, there is no
or very little leeway for SWARM to go to the slowest metering rate. Future testing on
different freeways is expected to confirm the above.

The present SWARM Study has brought out the following recommendations:

1. Rates generated by a SWARM mode are based on data sent by field equipment to the
TMC. Good quality of field equipment and communication line is essential.

2. SWARM depends on vehicle detection. Most of the existing VDS are located at on-
ramp locations, where the ramp meters are located. In most cases, these are not actual
bottlenecks locations. For SWARM to operate at a maximum capacity, additional
VDS should be installed at identified bottlenecks, off-ramps, collector distributor road
on and off, and connectors.

3. At times, SWARM operates the system in an inconsistent manner as to how the ramp
meter system should be operating. Many of the problems are simply unexplainable.
NET, the developers of the tested ramp metering system, should be brought back on
board to review and fix the reported problems.

4. Where on-ramp traffic is already heavy and backed up during the peak hours,
widening the ramp to provide more storage should be considered.

5. Connector meters should be considered, especially if there is enough storage room

and safety is not compromised.

25



. The obtained testing results of three SWARM modes and Modified TOD mode
should be corroborated with more days of testing in the same freeway corridor or in
other freeway corridors.

. Similarly to the Preliminary SWARM study, this study was focused on congestion
time traffic. No study was made outside peak hour congestion period. It is suggested
that a few studies in the future be arranged for off peak hours.

. In the near future, an enhanced version of SATMS 2.3, called SATMS 3.0 chip will
be developed by District 7 and installed at all field controllers District wide. K is
suggested that SWARM study be conducted at that time in other freeway corridors.

. Many of the District freeways cannot carry more traffic and many of their on-ramps
are backed up to the City streets. To better utilize the freeway corridor, motorists
should be encouraged to use parallel freeway streets. Local agencies should be
encouraged to implement better signal synchronization parallel to freeway, rather
than towards the freeway.
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FIG. 1.3 TESTING CORRIDPOR GEOMETRICS (SHEET 1 OF 6)
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FIG. 1.3 TESTING CORRIDOR GEOMETRICS (SHEET 3 OF 6)
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FIG. 1.3 TESTING CORRIDOR GEOMETRICS (SHEET 4 OF 6)
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FIG. 1.3 TESTING CORRIDOR GEOMETRICS (SHEET 5 OF 6)
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TABLE 5.4

FREEWAY DELAY (VEH.HR) FROM VERNON TO LAKE

FROM 6:00 AM TO 9:00 AM
FREEWAY DELAY (1)
MODE
AVERAGE %TOD
ORIGINAL TOD 1932 100
10/24/00 1428
10/25/00 1789
10/31/00 2284
11/01/00 2670
11/07/00 1979
11/14/00 2505
12/05/00 1921
12/07/00 1451
12/12/00 1272
MODIFIED TOD 1863 96
09/25/01 2212
09/26/01 2115
09/27/01 1881
10/02/01 1702
10/03/01 1683
10/04/01 1582
SWARM 1 1646 85
10/16/01 1475
10/23/01 1817
SWARM 2b 1919 929
10/17/01 1887
10/24/01 1951
SWARM 1/2b 1606 83
10/18/01 1935
11/07/01 1276
(1) Note: Data related to 7 Stations: Sierra Madre Villa, Rosemead 2,

Michilinda, Baldwin 1, Baldwin 2, Mountain, and Buena Vista,

was discarded because of non-availability in one or more

testing days.
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TABLE 5.6

TRAVEL TIME (MINUTES) FROM VERNON TO LAKE
STARTING TIME: 7:30 AM

MODE TRAVEL TIME
AVERAGE %TOD
ORIGINAL TOD 36.41 100
10/24/00 28.65
10/25/00 36.93
10/31/00 38.47
11/01/00 41.10
11/07/00 35.44
11/14/00 40.06
12/05/00 38.25
12/07/00 35.85
12/12/00 32.98
MODIFIED TOD 3717 102
09/25/01 42.31
09/26/01 40.51
09/27/01 37.96
10/02/01 31.40
10/03/01 36.43
10/04/01 34.43
SWARM 1 34.97 96
10/16/01 32.20
10/23/01 37.74
SWARM 2b 34.89 96
10/17/01 35.05
10/24/01 34.72
SWARM 1/2b 31.48 86
10/18/01 34.20
11/07/01 28.75
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1. ABBREVIATIONS

2. TABLES

APPENDIXES

TABLES AS.1.1a, b, ¢, d to

TABLES A5.1.20a, b, ¢, d

TABLE A5.6.1 to
TABLE A5.6.21

Mainline Data (Volume, Occupancy, Speed)

Travel Time



AM
ATMS
Aver

EB or E/B
GB

HOV

LOS

M

ML

MOD TOD
mph

NB or N/B
NET

NM

Occ

OR TOD
PM

Q

QO

RMS

S

SATMS
SBor S/B
SWARM
T™C
TOD

Vv

Veh

VDS
vphpl
vpmpl
WBor W/B

ABBREVIATIONS

Ante Meridiem (period between midnight and noon)
Advanced Transportation Management System
Average

Eastbound

Green Ball

High Occupancy Vehicle

Level Of Service

Currently Metering

Mainline

Modified TOD

miles per hour

Northbound

National Engineering Technology

Not Currently Metering

Occupancy

Original TOD

Post Mile

Queue

Queue Override

Ramps

Speed

Semi-Automatic Traffic Management System
Southbound

System Wide Adaptive Ramp Metering
Transportation Management Center
Time Of Day

Volume

Vehicles

Vehicle Dectection Station

vehicles per hour per lane (v/h/1)
vehicles per minute per lane (v/m/l)
Westbound
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